> ■■;■.>. ft; f. Sii-UCltlfi A 

liftt&aics. f$$# me- urn 



The Novel Approach to the Protein Design: 
Active Truncated Forms of Human 
1-CYS Peroxiredoxin 

hi? p:- - " v-oa-a jhsjciiiino aoio 



\\v\i:\ V Nefcrasov'-* 
Vitaly V. Radchenko 2 
Tatiana M. Sfeuvseva* 
Vladimir L Novoselov 3 
Eugeoyi E. Fesenko 3 
Vatery M. Lipkin 2 



- design Ol iilo aaim- Uwakxi iora; of hun;an 1 S pcnaajf:awxm (FrxVI). 
!h Pf\U i . }< ( ) N S > 

ed fosws of :h< ;awymo k>-v ijxprosst'd in / colt and pui Ui,xf The respective 
amhio. were measured, ft was shown that one of ;he ttuacaied recorohjaant 
as more than 9(Ki of the mhU.yp: PrsVI >m«ymaiic activity. Acting to fee 
o! , < « «. a k"-15S i ( ix ;tnefi< So \ i i u siq 

truncated (arms of the ejwymas or tho ehimerfc proteins which combine the 



oi Binorga k i hi rust > 
■L MikMJMV-Makkya 
16/10, Moscow, i 17997. Russ 
^Laboratory of Mechanism* o: 



Ins 



[Hi 



fnttvducthn 



S !iC (k -. 5 ■> v ^ ^ ! !i\ - v H (. i 

ftl H 1 i < ! ! i £ t S 

Son) i tt vk UK t< lopasooJ ;'!;:::m:oU • >•' k >i * t i kit ^ 

i'ho '"one domao r« < otia a. idah q ; t\ 

".efv>}'!3iCSti !■? -l^lhvok UVM!!I)'. SiOiCia-ikdh asa! .lyui. U» iJakakaa L Oi eiCSavet -. 
> X ! Si v i M< x - s . , s j 

iulvU >>!\ :lK v • !< R v i vfKKi 1 - ! v \ , P (i aOa. Wlv .. >■.!:■•. 

, p 1 \ < xjxa as v v ) sbject 

to tvtiain vchme< 1 ts:muas< . \\1R> fhojofojv, \aii>io, mcih< ■> , i anal) ■'ra- 
dio primary proSeiit smseistfe ;xe oaasafiy applied io determine the functicmtfjiv ao- 
fiU >> i kv *v ' K i ; V\ 1 

■ f i i ! S v. (. V X I i v < tiiv. ( 

> \ h Ki, >((< fiv )((J i l t ! - hPxVX i 

W'S v dt Hi i V i 1 K iV 0 iKvOiaa ■ ; ! \ s i it < li< ! >r t tM 

! \ ii! ! 0' S u ! J ill 1 ! \ I' I ')! 1 Mi.Jt^d >! li» 

aoouencov, :~;xa.ahcally: 

L ! v < i I OlKl ( ii ! i ! K 1 ! ! 

so s u;t it \ 

i „\ k f s£ ^> ^ IVagtiK - < } ! > d /ens to d e is 

A.bJ»«ti«tnm- ^ " 



length! ;\~<vw«*; ast t- tea - IKv, { t ■■, -nJ i 
iOK > OS il>?:« r- 



2. The infurmai 

taMfCs WV! tlK MS lit t < v. < v ! 

i f s u v i! i ii «i t h -bvr Jt- Ha ! *\ pun t 

siractures it i >. oh 

1 I - I 



t a k t i < » ^ )nhu < ! p >k it s itiotnt 

^'PUli- ^-oro -iu^Mt K be .S'!1csp'ri.hi:g n inch. : v tsU'i oir IttCUis (H 4< ' Av».l.l 



! s I t ! ! . „ ! 'vl ^ \ J 

i S V t „ i t i_ I 1 , v. t t iti ' J > 

) ) i > ) In ! >t t t ( 

A au.tk -is d :■ \ , ( : i iS fO. !U-n<..<\4 hiV Yi i-iiti- h :\0 hoc!! v te.sk d it) -ii.' tetfitA.d 
} ! ! t > ! t t i >< !ss i it S 

Per>»vuvNio\ i V ,0, t !: ( md> i ■ j , s>-\td. ■„ v h v.,s h-usd < t bacte- 
ria archea, rtnsctUhijar organisms, "iii^lu:r plants, md animals. The Prx enzymes, 
which ate localised k; cvtosoi. mitochondiia. plasties tVblotopihist;;}. and fx-roxi- 
sortie's, protect the ceil by reducing Hd and oxygen radicals (,Y 4). IVroxbedox- 
t (. t i i i s 1 t ) U t > t itsv. the 

most abundant eelhdar proienis (5). 

Mammtdian peroxiredoxiM are divided mm six isofomss. Prx (I-VI) (5) depend- 
ing oi! die nut n>er oj ev!ves\cd { >» f,s.d:k- < nd Hk s 4r 
sulphenic acid derivative oi the t^ i. Cys is , . t s t . v i^, t thiol 
la spite of their different molecular siz.es and catalytic mechanisms., she active 
sites of Prx 1 VI are similar A discm. i'u s;niaural k urn Prx j- the ..id 
served pact of the Ndenrsinai domain (residue;; 44-54). where the Cys47 residue 
is s ~t< i< hy Pro ant! it (3, 6). 



Peroxired<:>xin VI. or j-Cyx pcroxtredoxni. is die rmk t ue member of the Prx fam- 
ily that contains, the only conserved Cys residue it ds4?i t"7). 'fins pioicin is 
highly 'it i usioivrf ctstiktc! tng amospbere bong a <. p ■ i of a primary 
iefense system (7- iOm W'e pto; { f k tenbe np] t it < i Prx 
VI i i >t k t | t t > V <. i _s It < uk t v< t 

J» ss it s. si ! | K ii n t < il ^ ' vs , m \< <_ it it it 

! K s 1 i i t > 1 i ii i ! K I \ ft ^.t t ) i. 

tin ) i t ift ! t t t t! 

i ' > ! t j t 



/t'< WO/'- it Di •iCUSXW « 



!h • <>k s' . . h ' vt7 "ititii 'Ii e 

ihe IS { >t s ; ls v i k iti j jted h> t » 

i) ! ! s dt it it t ! > U t 

it t t resitiit i it gra j displays its information 

sttu n f s. < f t t t t d t h a , % t! ^ ) ) i k 

rnsoi she p>b t J iheiOh . i f ! t\\'l ss Utoven <^nl gnrc 

1. It IS of hPrsVi described Kl tt s the u < s and n . thai 

s\ere pt<>p.^ed c.rkr : et i here are ttnn il)P e-s x tafons, ( \K>, ; i 37, 4 43 



*N6S}, (All I }, {*N156}, and { 7 T208jk m she iatb«natio«a! smsetnre of'hfrxVI. 
k * , h i ,< . t w UH atK GAP k ij d e to s 

ok » a ik Ik! i ho '« i k- «v v .\ 5 :t ih ! v > 
Phe43, i }f\ n2. AG55. 1 uGG Gmotp MTU Svt?5 I :a-,o Sk->, Gh.h , ik PC, 

a oo ; igg: Kiii," v 1:0. \ided sum v^ilt* i>sf44. i\xi*z. 

Il< <f \ <4 *i1 si', 1 * d ' 4 <> I MS Ku2 ! 

<• s n slssollDIG iKXf,,a* duumtnedt^ 

J v m 5 i 1 < o 1 ! i < i 1 e sh<o\ n on i o-jac ! \ . i ^ the 

i ! j t ii I It s ss i ! H 

h i ( s r v G v x- i o x \ > s 1 - (,] t 1 ! p ~ 

\ (Km t ki;r \i>>:i vp> t\ \ ^> k \ ip - d~ 
» ■ > r.hd": v ! i ; <\ i s2s v : » i ^ ^ iii i >sjj 

I v. d ! ! ! i t ! 1 U i 1 IU U 

the local rpaful oreamoOK.e! of such regions for the protein i miction. Such ek- 
mews usually t.erve as the sites of osienooieeRar interaction (Nehasov A.. unpub- 
li he J d kacho th 10K ssoc a \ I " N65) 08 

v Hi tin l! . _ ! ) s K ) > ! < s X ! < 

: Alii; and { \ \ s , s . Pes o optionally den fuss rank 1DK 
hotncltes. 0 should be noted rhai Use if ily52. AG.55. Leit57. PPnoO.i branch is df.n- 

'i< d i fG i is<. \ i «. i ,v < ' v, KM U i K , ^ 

Since the ct> i ii imcftirc oi hPrx\ I has Hen jolve I eariiei i t2>, it can he visu- 
ally compared to the IS of this protein calculated by the AN.IS method (2.t, The 

Sl< (JXtlf > i fl s\ S s 1 i i I PL < s f df it ( 

ate shown hi color on Retire 2. 1; vnn be socrs Ore the hPosVi oroh-cuic is "dt-rnb- 
Ixdi httped the <:-U in\ domum (Lys!82 Pf< 2 id. 
tk«:t fnOB>. The N-fcntmna! tkmn.in is sUticHKaify toorc complex and includes 
two fDK'ciissociations, [ 3 A!f> : J F37. vRed'NfiS} and fAill}. IDIC-assoei tutor. 

si > s; ji v;o-i i I s s Ml t! <. i <. l t.d U d ' s 

{yaII33 ~G!>i 38, Vssi 175 ~ Pros 78) of two dificrent ihshceis and o: htdix (Asp35B 
- Gh.d72) btidgirtg the N- asid Cocnotnai ik>rt;;»ns, i iiijs, ii)it :- assoei;u:;oti:s are 
well correlated with the aon.ed clenicuis ofhPrx VI in sfrttctare. 

The Structure and Design ofhPrxVMl24 ami kPrxYIBIJS 

tiK<Mi dssut <« txo, . osJui {o .^.iiin j >sstb^ in iMlxir'x\i 
iotxtis sruneaied Poos the C-ternututs (Pig. i >. Siiiee there o; Cys47 located m the 
active site, trtineaicri liPrxVf analogs nnot reuno dsc secpicncc fraprnent eorrto 

jx» ' n t S s u«< VS P37 no?; \ K )eti t> » e; yt):te 

to he preserved.. To ePtrby the roic of other individual {DH'Passocusiioas ia pre 
vto > i-uPP . ^ > n t ( v. ) s ■> s , u ( x 

f d. , fh < v t vk u^j <, GK iss v(lU <ns Gt> I >7 }4v s \(o> md 
u i 1 1 tx th s s ( , t; ) s The cor- 

cs^nd, > PA \ ' - hd'> ' k i xktdeex,. 

(Giy52...Aia55 ! Let!5 h De 102. Asp 1.05 LeuS.!7 Ma {20 \sp!23.) and live 

o 1 lb- Ptr Gh>H> iki \ p i - o \ ' ^ ( r> ^1 
YalG> iki ut \,Hu G i! * K < Gi "2 > t e s are 

1 n i n tb ^ t ! f it s 1 1 t i xi \ x i t t 

fh, hid -.o h. \ 1 < t ?s 

Assuming titat ttuncafed hPrsVI foraxs should preserve all the amino aeMreskbese 
which t sj > i 1 t!x is sank H MG> d oito , \ 1!* nssu, x \ 
ft ho t i i d 1 v s iitx Dh 

1 i >s i 'i^ P 4 nlu i ii i ! < 

t siatioit ^<s i n, h\ suo s , mid d u ' \- PyStopsxdm 
xhik tlx < diet , - ih s> hii\Vi\ , Oj> K ^ l i >. ,t i e 1 >' f 1" 

It t i tsv 1 s ^ Oi CV) e\'l< - S dj vMXisjyiv 

J hi hisn i i > 1 1 ^ s ts ^ .,d ^ 



457 

Trtmcai&d Forms of 
Human f-CYS PemximdoMm 



Nekrasov et ai 




Fragments of hPrxVX c»NA coding 123 or 177 residues of the 
\ .-Miuis . «ncJ mie p . it pU»: id (Vna^-tr. 
i s ? - EeoR i restriction utes (se< Maleriak ima M< > 

plasnhds containing open, reading francs under the control of 

iik i" plug. jT.>i!-.<Kr itki itK-itld?:!^ die Kfc 1 !^. 1 h!Y\\S 

cPNA fragments wctc ut.cd tot further transformation oi £.<-• <'/ 
HI :iii>r -peeiKtSt^geuei 

Rv\ Hid :S! nil pt ■te:t!-- V hh ilk CV]. ; viC>! i!i> 'k\ »!.<: WOlglU »vR 

fotntd in the \s.Ui-} liable piotem ;>„..v< s oi cell lw-o ob 

i , in ii'i hlUm) i ^.vtiopiv _ <> Mp^r.ti r <d 

>lnhkprt cias ikmi c< > e bd ! fx it mk'uix 

j i tgt.i.f ' ipraisot v i and 4 indkak 

ihil! the ll'ld ^M>\! :;;.ie..,::,.r: ^ o. iPSo^cd h) iiikT^S^C 

.eiiMiliM >! '< k)\ . t\ -J} piou.,4^ {i)o >ii.-t t K of 
both proteins were -60 rn.g/1 I . el the cell culture. 



e^K.w's the ii)!C-s 



: ho 



in n>d p P» .ml 

is - i t\ > 



hnrnan PrxVl. the u* 
blot analysis using p< 
secretory protein fits 
that tfee -19-kDa (las 
concentration in E. < 
htdneilon. are the tt 
bPrsVkll24. respect 
weights are 19.-5 
the experimental 

The recombinant proteins were p 
earlier fot FrxVI from rar (15). : 
the details We usee tlu chmmt 
phacryl S-300 column to examit 
and hPrxVIA178. The hPrxVfi 
with the total column volume a 
-44 kDa. which is in agreement 
gel and primary structure. The < 
was abont 60% of the total cohi 
to the clution time of polypejWid 
k< kl>i n r< uto were obtain 
sis of standard protein stackers 



(■logy bete. 



Rfld 



es after the IPTG 
hPrs VIA 175s and 



method described 
a mi Meihmls for 



shows tt niolccnhn mass of 
ith those itemed fnm\ SDS 
tier. volume for hPrxVlAi?8 

i \0fUfSK\ Whiei! C«TCsp«Ki, 

Ui> tiic sncicetil.u . ei-ht<>l 



xen applied 



e !«:<>} 



hidxV 



dw range of hi*, 
settee of ptweefc 



mxlm 



fiiticnoni i.h t 
VIA! 78, a considerable protective 
*> jig/mi ( >60% of OiiiUamne Svh- 
IA178 !0() ; oj Ghilamine Synth* 
fy of hPtxVlAI78 can be Compared 
• experiments with hPixVlA 1.24 m 

i : > f 2i <(< i k . ^ s 

x was f t f v. exxaVxiy 



ed hIV: 



aka. 



<. 1 5 t ') „t>. 5 

AS?* jX^Cxxcd the JWTOXidSfi© 

ty coukl he detected m case of 
VlM7Scat>beexj lie byihe 
VIA! 24. hi-kxViA!24 d;>es uot 



I h 



loss of 'the timxTixttiixt t 
well with the bwereo pm. 
32} belonging lo the IDIC- 



Thcrck>r< 
drugs ins 



ad s 



AtK ^ ! i tit) 

,ir»k \ . . . v , > <_ i t I h > i 

!) 1 sftl il i 1 1 \ X -> t v M i >t t \ { ! 

f Ui H .(k il ' , , L 1 t ti 

pi put s \ lit 5 i i 

protein t ngiaeennj; ^.hen the -.paiu! -anxtna: .>i aX a.aiw pf<x a\pa ;■ mil ekw (■ 



Materials and Methods 
Dam ( •>;'<- t '.<> « mt<i /<»'<>• 



'•'if' S 1 



Truncated Forms of 
Human 1 »CYS PemximdoMm 



ht>f\Vi\iM I K X < • v :i,.-l. !t :.- v 

difference ia tlx IS between hPrxVlM?8 a 
eotifam IWr a-^nuiani P\4-.<>< sp a: »i ij> ixiwe.n m<. • ^nvn - >i (he amino 
aexUeqti t v t t il i i i ik l)H x t che. Tbnx 

theh!o\ !\ . ( ! , < i !:(}}.:•- V « i 

vruv xt -.t- -5 a ai.it'h a.x. . hl'.\M\ 25 

)n i ^ v * \U- {\l'»i!,x,il!.4j.eaI67 f Leoiey > CiK!l?2}, 

and i . hs % - <.s U«»2U Vt2 { 8 i S> >;e dxn tix 1 « > 0 v ! ijjt Je u -ti> Nik- m <tli of 
die hPrxVl > x./V 160,1 63,1 65, Oiu 168), is also absent hi 

hPrxYIA!24. T;iki (if > c f t <n t is f >n <. believe that this 

doi'-th-si rant ail <\ ;a, ;; x la ivhk .a daia s^aaaat. ,lad : 'M%} a- -< vivilua'. 
> xk tix \ t i t v t < k i ( t ikm of 

hPrxVi oi. ; ix !XLaa\kti , hsaea^n s , . v :>> of ihis protest. 



ts, IS% SDS-lVvGI- 
BL-2KDE.3} «sl 

J rsVtA.i7Ss {.?>, and j 
iftes tPTCJ Muak 



1 c! Vx VI A! 24 CO! re- 

vive aitd ]XToxi.J.r.e activity. Lleskies, otic retadtie 

,x ,t « \s-'>; itVs, i ti t - i'-xxi 

, i 1 i > i ( >^",. sk'u !kc 

Nv i . i \ aetsvayct l x\ { s ^ 

■txated hPrxVJ lorn; c.Diiki he used in aatxxsidara 



soo of proteins («g.'aiiS 



:«! i ot h ; < 

oransvive in:- :\\\<; a^awkiasc 



dbrmittioD&l $tmclur« 
e procedure: 



b Re eoda of the aniai>> acid sequence in k or •. 'b 1 mb .ninaien nmt- 
0. < kniaUntulu i • 

Of tilt" .KKst d 0ilt!K t s i, ! K i K i f f 
OHi t ! (Hi - ii: " ii' scis >: ilASl ho> i <_ d VU 

J.H. fxnectksu she polypeptide cfesiti segments of incsmsed joteiTektkm 
betw eon the information unit* ;m<5 e< >minK ting tin IDJ'( diags an of 
JheiafonnalioHalstnicaHC. 

C/<»<»« a/irf Expression of Truncated kPrxW cDNA 

Utagwealofh? ;V] cDNA with non silica >en aadti e> k km 

v i f v i o ! h s. i. > t s j t i S a - 4 A ! w isitvd 

Hi i ! * i di vXKPN \f{.>u(Kcf en ed < i iai'b 
two N-terminal bagmen o hibxVi compnsnpa. i 23 and i'H avnno aek! Eewichies 
In x>& <. ^ s - \ \ \ ! U < t < « i [UkuNumvIi 

it i !s v 1 ! d i i v. > ^ pi " ii P \\ " ! \ h; In I t 

I us .1 \ u I e < \ if \ V IUW.MiU .-L!v x \n!78 

i k i i ti i i ! i i 1 ! i k S ix I i i t rd 3 

t.>k u; \e.n\ \n."tr rrni\ kc* ha uvt\\ tshe /<.>h i n 40, 

I 1 i 1 ! i j i it i ' v\ h N \ . ! is 

we a eUwo i '< " i ) t t is ) \ i i i i 

Nn'BI 'W'ani'V. ,u lit" ri!N\;! . . it. 

i < i < I Hi i H MS ) t ! i v s{>! 

siosi oi hPrxs I si A \ is (gnien; 1 ex the prodnehea! oS nx-ombittatif proteins the 
cells w<. e go-wn ^i 37 r a ti >tt • i f s His t t m 

dinm reached 0 a') a; 000 iini, Then the protein expression was triggered by addbm 
!.u spaoHk-ka iodnc^r t U't e<t to the imai conecuttauoH <»t 0.4 ihM, and the media 
was further incubated fur 5-6 h. 

Isolation and Purification ofhPrxVl Fragments 

j lit) t i i \ it »i kd 

s.Mi, 1 V Sj! IV > ' t( Is u b Wt s ^ t il'k! ^ > i !! 

it % t (dl jx-JL'l « t* U-M jefdvdn i , > . i" « <. 

«M KCh 10 wM NaJiFO,, ! .8 u.M Kim),, pi ! 7.3) by adding; 30 pi of buffer for i 
tn) of die ceil cuktste She toi u . ^ \ is^n was Ja vt- thawed, and sonicated 
on aa ice bath (5 x ! nun, with \ mm pansesj ai 2ot) 30(> W using a t 5 50 H I !e a 
n.i >i w) h ) f J. U > niaiugcd b0t i it) 

i ! t 4 i 1 _ t i i i s Ht) „ t ' 

40 mm .it +4'V. Ail mihci ^ocsdu i , < t ^ iuk h 

i ( ii ^ i si ■> ti^ ii i ( i t i >l \ tt tun i pM 

\IJ mdijjVlDn .wAM is t > i s » 

)\,t . s l\ts. ii I v. i >s ,A iOsl d tt i 

sis i IK ( s i Sv.pl ) rmrt t { x 93 

v i si i I t ; } ii ii { > > \ i \ s \ 44 

mi; tor hPr>; VIA ! 24. lb 70 irti. Tile |:an aikai pioteni irajiinents gave innnruknegt- 
v ti v.iv«, ieaei dl p si t i i a • • ) " ^ a > t t 

i , u < > ' t\ v ' , m - h. \ nt • 

< > i il -s 'di i , was puripcd bran ,' ; . i >l{%, as >k , j tied pawi- 

i S 7 l f ii v i s 1 Pi I ( s i i < ( i n 

O i < , ii i v t > sj\- i vd 1 i i i i ln')u«l 

S s > fer (pH 7.4), 3 inM 

^ i i »V « i ,i k\ v< i m> hiHrim-'i t* 

is 1 !S' i 1 i . S i ( f ) i V v. 1 k. 

t iSp hepKJkofns ctuvint the posova\i< i ^t t 



Ifit .o. u ' *k f<uv> Sie km Us J v t 4tK kuv> 1 
s k >\m.ii< \m i one* i stioss a 



i l i k v. ' i k,i „v -U U 

L • - is, .» ii < \ ^ i ; ti< io v v>. A.is v.r\ J ->> . <U< ai 0 ^ tnM no n- 
50 nxM HKPKS buffer (pH 7.5} at 25 : 'C At an appropriate reaction time, 0. fml 

«ilh, K vthR ^H1!,H s kkdi < > f > < < t « 1 i 

k«.ir\oK*i >i, vin< •!!!•". !!K «>rspif\ f fic t «HKi. juration ^H3 ( >_ v >*- cwkmieJ hy 
specfropifOiOiSU'irjc: method -,n the wavdctts^ih 480 i)m. 



i i'ot helpiui disviissioiss and critical r 



H Z ( 



» 1 >( « m f > i - kC 

S. i>. Leo. Y S. H«-;.j lg , Y. .!. K.i:: K. S K«--)>. H. .t. K;:">. X. k !:•.-.. aati H. Z. Oiv ;t \ J ihc-i 

OV;,, ; ??6.29S->.<>-:.K3?. C-iOi). 

S. V Kwsg. 1. C. Halaes. S. G. Rhea ./ Hid Ch;',n 0x« U H99<ki 

.S. V Nov<r,ek»v, f V. ft-}.S*nto>. V T. Popov. V. ; Novosetov. M i- kv.: f .»a Y. A. kvdokf- 

i s <^ M v „ N •>}> \ M S.«w r 1 

A. 0. Cfsw.'fsa'iss V 1 \'.-o^:.,- O. N Shiion.:. s R Sootkwva \ 's Ym'm fax'! J.. M. 

1 iw. f, ; / i - J» 

> V. KimwU. S. f .ehiorsers, R. K.<;K: : .o;;. t h« Wiik, E i .ukuo, S W. Rios. S G KSk-::. >::;! V 

Soitxi. ?7m« 57. 157-164(2002). 
. V 1. fewiiov. k. M. Jlaiyshn^-^va, V. A. Vivain. S - : : Axuehna. and !; i :; ::so;iko. f.fcri' 



461 

Trtmcai&d Forms of 
Human f-CYS Pergxiredoxin 



V ; I Nf.V 



■>.d.A.. :! , 



Nik: 



n, S. Ksi»»i'.>v. T. M". 

<i54-S5Vfl.'»Sj. 

C. M. Shwvaeva, V. M. 



i <i I t ^ s . 

i k K>m. V. U. Kiiax, k. Y. I.oe. S RJ»», ««1 k. k. Ss.:o:j; 



Communicated by th& Editor Valmy lvano¥ 



